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Introduction
Meinwald, Meinwald, & Mazzocchi, 1969; Pliske & Eisner, 1969) . Another danaine butterfly, 48 Idea leuconoe displays 'hair-pencils' during courtship, which contain a mixture of 49 dihydropyrrolizine alkaloids, aromatics, terpenoids, hydrocarbons and a series of γ-lactones 50 (Nishida et al., 1996) . This volatile mixture applied on dummy male butterflies elicits an 51 acceptance posture in females. Pieris rapae and Pieris brassicae use macrocyclic lactones as 52 a pheromone to induce acceptance in females (Yildizhan et al., 2009) . In Bicyclus anynana 53 males with reduced amounts of male sex pheromone have decreased mating success implying 54 a direct involvement in reproductive fitness (Nieberding et al., 2008 (Nieberding et al., , 2012 . Male wing 55 compounds are also known to contribute to reproductive isolation between closely related 56 species of butterflies (Grula, McChesney, & Taylor, 1980; Phelan & Baker, 1987; Bacquet et 57 al., 2015) . 58 Here we focus on the potential role of a male contributed pheromone in Heliconius 59 butterflies. Heliconius is a diverse neotropical genus, studies of which have contributed 60 greatly to our understanding of speciation (Jiggins, 2008; Merrill et al., 2015) . These 61 butterflies are known for Müllerian mimicry, where unrelated species converge on the same 62 warning signal to more efficiently advertise their unpalatability to predators. However, 63 closely related Heliconius taxa often differ greatly in colour pattern and divergent selection 64 acting on warning patterns is believed to play an important role in speciation within the genus 65 . CC-BY 4.0 International license not peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/033506 doi: bioRxiv preprint first posted online Dec. 2, 2015; (Bates, 1862; Jiggins et al., 2001; Merrill et al., 2011b) . In particular, males are known to use 66 colour pattern to recognize mates (Jiggins et al., 2001; Jiggins, Estrada, & Rodrigues, 2004;  67 Kronforst et al., 2006; Melo et al., 2009; Merrill et al., 2011a; Merrill, Chia, & Nadeau, 2014; 68 Finkbeiner, Briscoe, & Reed, 2014) . 69 Some aspects of chemical signaling have been studied in Heliconius. For example, 70 males are known to transfer an antiaphrodisiac pheromone to females during mating (Gilbert, 71 1976). Once mated, females produce a strong odor that acts to repel approaching males 72 (Schulz et al., 2008) . Studies in H. melpomene have shown that abdominal glands of males 73 contain a complex odor bouquet consisting of the volatile compound (E)-β-ocimene together 74 with some trace components and esters of common C16 -and C18 -fatty acids with alcohols, 75 where β-ocimene acts as the main antiaphrodisiac pheromone. This bouquet is formed during 76 first few days of eclosion and transferred during copulation to the females (Schulz et al., 77 2008 ). This antiaphrodisiac effect can be observed in several Heliconius species, which show 78 species-specific patterns of scent gland constituents (Gilbert, 1976 shows increased probability of inter-specific mating when males were perfumed with 99 heterospecific extracts. In addition, chemical analysis of both abdominal glands and whole 100 . CC-BY 4.0 International license not peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/033506 doi: bioRxiv preprint first posted online Dec. 2, 2015;  wings provided evidence for differences between these closely related species in their 101 chemical signatures (Mérot et al., 2015) 102
Here we focus on the wing pheromones of H. melpomene. First, we investigate 103 morphological structures potentially associated with pheromone production. In butterflies, a 104 variety of species-specific structures including brushes, fans, and differentiated scales on 105 wings, legs or abdomen are used to expose pheromones produced in associated glands (Wyatt, 106 2003; Nieberding et al., 2008) . In particular, male specific scent glands, termed androconia 107 are common across the Lepidoptera. In male Heliconius, a patch of shiny grey scales is 108 present on the overlapping region of the hind and forewing (Figure 1 ). The observed sexual 109 dimorphism in this trait suggests that these are androconia, and may be associated with a male 110 sex pheromone (Emsley, 1963) . Furthermore, earlier authors have identified brush-like scales 111 in this region that are the putative site for pheromone production (Müller, 1912; Barth, 1952) .
112
Here we investigate the structure of these scales using Scanning Electron Microscopy. Ten virgin females (<5 days after eclosion) were presented with a paper model of H. 
Results

239
Morphological analysis
240
In order to investigate structural differences in scale morphology potentially associated with 241 pheromone production, we observed androconial scales of H. melpomene rosina males and 242 females under the scanning electron microscope (Figure 2 ). We identified a marked sexual 243 dimorphism in scale structure. In the central region of the male hindwing androconia along
The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/033506 doi: bioRxiv preprint first posted online Dec. 2, 2015;  vein Sc+R1 we identified scales with brush-like structures (Figure 2d for henicosane, all five compounds were observed to be age-specific and sex-specific. 267 Henicosane was present in the hindwing androconia of both 10-day old and newly emerged The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/033506 doi: bioRxiv preprint first posted online Dec. 2, 2015;  Behavioural experiments 282 We tested ten individual virgin females in our behavioural trials, each of which was presented 283 sequentially with either male wing extract or a control (solvent only) applied to a paper 284 model. Behavioural scores were analysed using a principal components analysis, with two 285 principal components retained that together accounted for 80.38% of the variance in the data 286 (Table 1, 
Discussion
293
Many previous studies of Heliconius butterflies have described a role for visual cues in mate 294 finding, courtship behaviour, reproductive isolation and speciation (Crane, 1955; Brown, 1981; 295 Jiggins et al., 2001; Kronforst et al., 2006; Giraldo et al., 2008; Estrada & Jiggins, 2008; Merrill 296 et al., 2011a) . Here, we have identified compounds associated with sexually mature male wings 297 and described morphological structures putatively involved in pheromone release. Furthermore, 298 we have shown that wing extracts influence female behaviour. 299 We identified six potential MSP compounds from male wing extracts, namely, (Z)-9- (Müller, 1912; Barth, 1952) . The base of these special brush-like 325 scales was more swollen and glandular as compared to other scales (Figure 3) , perhaps 326 indicating a role in storage or production of pheromones by these scales. Even though 327 Heliconius do not have the dramatic sexual dimorphism in hair pencils or brush-like androconia 328 seen in other butterflies, they nonetheless do possess male-specific structures likely associated 329 with pheromone production. 330 We were able to detect a significant, though subtle, difference in the behavioural The use of multiple signals is common in animal communication (Candolin, 2003) . The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/033506 doi: bioRxiv preprint first posted online Dec. 2, 2015;  choice (Costanzo & Monteiro, 2007 Difference between control and extract . CC-BY 4.0 International license not peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/033506 doi: bioRxiv preprint first posted online Dec. 2, 2015; The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/033506 doi: bioRxiv preprint first posted online Dec. 2, 2015;  
